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(54) yCTPOftCTBO flIW IIPEOBPA30BAHHH 
HACTOTU CJIEflOBAHHH HMnYJlbCOB 

(57) H3o6peTeHMe othochtch k paAHo- 
3JieKTpoHHoft TexHHKe, rpe TpeOyeTca 
nonyMaTb tokh qacroT f c , HaxoA*nuiecH 

B APO(5HO-paUHOHaJlbHOft KpaTHOCTH C 

hcxoahoA yacToroft f Mc . Uenbio H3o6pe- 
tchhh HBJineTCH noBbimeHHe HaAe*HocTH 



ycTpoftCTBa nyTeM yMeHbnieHHH o6*beMa 
oCopyAOBaHHH b pe3yjibTaTe H3MeHeHHH 
a/iropHTMa pacqeTa. An« AocnoKeHMH 
nocTaBJieHHoft uejiH b ycTpoftCTBo AonoJi- 
HHTenbHo BBeAeHU BeHTHJib 4 3anpeTa h 
AenHTeJib 5 nacTOTbi. KpoMe toto, ycT- 
poftcTBO coAep^HT reHepaTop 1 HMnynb- 
poB, M AeJiHTeneft 2.1-2.M Macro™, 
(M-1) BeHTH/iett 3.1-3.M-1 3anpeTa. 

YCTPOftCTBO MOJKeT 6blTb T3K*e HCnOJlb- 

30BaHo ajih CHHTesa AByx hjih 6onee 
xpaTHux qacTOT oAHOBpeMeHHo, Tax xax 
ABOHMHan HMny/ibCHan nocjieAOBaTejib- 
HocTb BHAa KBasiiMeaHAPa 4>opMnpyeTCH 
He TO/ibKO Ha BbixoAe BBeneHHoro agjih- 
TejiH qacTOTbi, ho h Ha BbixoAe nocjieA- 
Hero A^JiHTejiH MacroTbi. 2 hji. 
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HaoCpeTeHHe othochtch k paAHo- 

3/ieKTpOHHKe H 3/lGKTpOHHOft T6XHHKe , 

rfxe TpeGyeTCH nonyqaTb tokh msctot 
(f 0 ) t HaxoAWHecH b APo6Hq-pauHOHajib- 5 

HOft KpaTHOCTH C HCXOAHOft M3CTOTOM 

(f hc ), npHM6M f pHAe cnywaeB f KorAa 
3HaMeHMe P - npocToe mhcao (rAe 
f MC /f c - P/Q, a Q - 2 9 , r A e^ - 2, 
3,...), HanpiiMep, b reHeparopHofl 10 
annapaType chctcm nepeAaMH c qacTOT- 
hmm paaAeAeHMeM xaHaAOB. 

UeAbio M3o6peTeHHH hbahctch noBW- 
meHHe HaAeamoCTH ycTpoftcTBa 3a cmct 
yMeHbmeHHH o6i>eMa oOopyAOBaHHH bca6a-15 
CTBHe H3M6KeHHH anropHTMa pacneTa. 

Ha <t>nr. 1 Hso6paxeHo ycTpoftcTBO 
Ann npeoOpasoBaHHH qacTOTM cAeAOBa- 
hhh HMnyAbCOB; wa cfrnr. 2 - BpeMeHHbie 
AHarpaMMbi, noncHHiomHe paCoTy ycTpoft- 20 

CTBa • 

YctpoActbo jxnn npeo6pa30BaHHH Mac- 
TOTbl CAeAOBaHHH HMnyAbCOB coAepmHT 

reHepaTop 1 HMnyjibcoB, M AeJiHTeneft 
2.1-2.M. MacTOTbi,(M-0 BeHTHJieft. 25 
(3.1.-3.M-1) sanpeTa, bmxoa xa*Aoro 
i-ro H3 KOTOpblX coeAHHeH c bxoaom 
cooTBeTCTBywinero i-ro acahtcah qacTO- 

Tbl, npHMeM BMXOA i - rO ACAHTeJlH qacTO- 

Tbi (i - 2,3,...,M) coeAHHeH c ynpaB- 30 
jihwiuhm bxoaom (i-l)-ro BeHTHAH sanpe- 
Ta, AonoJiHHTejibHbift seHTHAb 4 sanpeTa 
h AeJiHTenb 5 qacTOTbi, npHMeM bxoa 
AonoAHHTejibHoro DeHTunn 4 3anpeTa 
coeAHHeH c bmxoaom renepaTopa 1 hm- 35 
ny/ibcoB, ynpaBAHwmnA bxoa " c bmxo — 
AOM nepBoro AeJiHTenn 2.1 qacTOTM,BM- 
xoa KOToporo noAKJiKweH k BXOAaM (M-1) 
BeHTHAH sanpeTa h hbjihctch bmxoaom 
ycTpoftcTBa. 40 
BBeA^HHe TaKHX AononHHTejibHMx 

SAeMeHTOB H CBH3eft npHBOAHT K H3Me~ 
H6HHK) 4>yHKUHOHaJTbHOfl 3aBHCHMOCTH Me*~ 

fl y MHCJidMH P h Q c, a Tawe ko3<M>huh- 
eHTOB AeneHHH (Kfl) flM h hx kojihmcct- 45 

BOM. AHaJlHTHMeCKH 3TH saBHCHMOCTH 

MoryT 6biTb npeACTaBnenu ajih H3BecT- 
hoto ycTpoftcTBa b BHAe 

? n v fzr n^n^,. . . ,n Ul • 50 
a ah* npeAJiaraeMoro 
1 



BBeAeHHe AonoJiHHTeAbHUX 3JieMeH- 
tob h MSMeneHHe <J>yHKUHOHaAbHoft cbh3H 
npHBOAHT k H3MeHeHM» aJiropHTMa pacqe- 
Ta napaMeTpoB cxeMU CHHTe3a h, b ko- 
HeqHOM HTore, k ynpomeHHw cxeMM,3a- 
xnioqaiomeMycH b yMeHbmeHHH KoimqecTBa 
flH h BeHTH/ieft sanpera, KOTopwe Tpe- 
OyioTCH jxnn nojryqeHHH 3aAaHHoro otho- 
me huh P/Q, Tax xax M * N, h b yMeHb- 
meHHH Kfl oTAeAbHbix T.e. k yMeHb- 
meHHH annapaTypHwx 3aTpaT, Heo6xoMH- 
mwx ajih peaAHsauHH ycTpoftcTBa b ue- 

AOM. 

Ko3(M>HUHeHTbi AeAeHHH flM npeAJiarae- 
Moft cxeMbi paccuMTbiBawTCH no CJieAywmnM 
4>opMyAaM: 
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»2 m,ra 2 , . . . ,11!;+, 

rAe n; , mj - Kfl flM b cxeMax H3BecTHo— 

ro h npeA/iaraeMoro ycTpoftCTB cooTBeT- 

CTBeHHO • 
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rAe [xj - uenaH uacTb X. 

Ha tfrnr. 2 noxa3aHbi BpeMeHHbie AHa- 
rpaMMbi, noHCHHwmne pa6oTy ycTpoftcT- 
sa ajih cjiyqan P - 19, Q = 8. YcTpofi- 
ctbo coAep*HT renepaTop 1 HMnyAbCOB, 

AeAHTeAH 2.1 H 2.2 MaCTOTbl, BeHTHJlb 

3.1 3anpeTa, ynpaBAHiomnft bxoa koto- 
poro coeAHHeH c bmxoaom AeAHTe/in 2.2, 
a bwxoa - c bxoaom AenHTenn 2.1, ao- 
noJiHHTeAbHbift BeHTHJlb 4 sanpeTa,ynpaB- 

JlHK>mHft BXOA KOTOPOTO CoeAHHeH C BMXO- 
AOM AeAHTejiH 2.1, a bxoa - c bmxoaom 
•reHepaTopa 1 .HMnyjibcoB, AonojiHHTenb- 

Hbift A ejlH TeAb 5 MaCTOTbl, bxoa KOTOPOTO 
noAKAioueH K BMXOAY AonojiHHTe/ibHoro 
b eHTHJiH 4 3anpeTa, a bmxoa - x bxoay 
BeHTHJiH 3.1 3anpeTa, bxoay AeJiHTeJi* 

2.2 MacTOTM h HBJiHe tch bmxoaom 6 yc r- 
poftcTBa. 

BpeMeHHMe AHarpaMMbi ((t>nr. 2) otho- 
chtch k bmxoay reHepaTopa i HMnyjib- 
coB a, k bmxoaY seHTHJiH 3anpeTa 4 o y 
k bmxoay AonoJiHHTejibHoro aejiHTejiH 5 
nacTOTM b,K BbrxoAy AeJiHTeJiH 2.2 Mac- 
TOTti Z f k bmxoay Be htiijih 3.1 3anpe-. 
Ta 3 , k bmxoay AeJiHTenn 2.1 qacTo- 

tm e . 

YcTpoftCTBo ((tur. 2) ajih cjiyqan 
f ¥c = 3800 Kru (P = 19); f c =l600 Kru 
(Q = 8) paSoTaeT cjieAywmuM o6pa30M. 
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hU 



cos 



rAe U - pa3Max KBasHMeanApa ; 
h - pememie cpaBHeHHH BHAa 



2Ph = -(P + Q- 1) mod Q . (2) 

Ilpit 3TOM, HOpMHpOB 3H HOe OTHOCH" 

TejibHO nepBOH rapMOHHKH MeaHAPa 3Ha- 

qeHHe nOJie3HOH KOMnOHeHTbl 



s in 
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IlycTb b HaMajibHbiH MOHem epeMeHM 
rta BbrxoAax Bcex 3JieMeHTOB ycTaHOBJien 
ypoBeiib norHwecKoro Hyjifl . KaK bhako 
M3 BpeMeHHhix AnarpaMM, npeACTaBJieHHboc ^ 
Ha (t>Hr. 2, noc/ie noHBAemifl k ajRAoro 
cnaAa y abohmhoA HMnyjibCHoA nocneAo- 
BaTeAbHocTH (flHIl) t 4>opMHpyeMofl na 
bwxoag AeJiHTe/iH 2.2 MacTOTbi c Kfl, 
paBHWM neTbipeM, BewTHJiH 3.1 h A 3a- 
npexa nornomawT no oAHOMy HMnyjibcy 
H3 nocneAOBaTenbHocTeft , nocrynawtuHX 

Ha HX CHTHaJlbHWe BXOAbl. IlpHqeM AO- 

noJiHHTe/ibHbifl BeHTiuib A sanpeTa no- 
r/iomaeT HMnynbCbi H3 hcxoahoA flHIl, a 
Be HTKJib 3.1. sanpeTa - H3 nocjieAOBa- 

TeJlbHOCTH 9 C<J)OpMHpOBaHHOft Ha BbDCOAG 

AonoJiHHTejibHoro AeJiHTe/iH 5 qacTOTbi. 
OcTaJibHbie 3AeMeHTW (AeAHTenH 5.2.1, 
5.2.2) ocymecTBJiawT AeJieHHe nacTOT 
CJieAOBaHHH HMnyjibcoB nocjieAOBaTejib- 
HocTeft, nocTynawniHX Ha hx bxoau , Ha 
ABa hjih neTbipe. Ha BbixoAe ycTpoAcT- 
sa, o6o3HaMeHHoro kjicmmoA, 4>opMHpy- 
e-rcH flHIl BHAa KBasHMeaHAPa, cnexTp 
KOToporo (aMnJiKTyAa m-A rapMOHHKH 
MaCTOTbl noBTopeHHH ( F t -f w /P m f c /Q) 
MomeT 6biTb paccMHTan no 4>opMyjie 
sin I? 
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AHajiH3 BbipaateHHH (3) noKa3bmaeT f 

MTO ypOBHH nO/ie3HOH KOMnOHe HTbl 

pa npn jDo6bix 3 HaMe hhhx BejnmnH P h Q 
2 



Heo6xoA»MO oTMeTHT b y mto npeA/iarae 
Moe ycTpoftCTbo nomer 6wTb ncnoJibsoBa- 
ho A«nfl CHHTesa AByx h 6o/iee (xpaThbix) 
qacTOT oAHOBpeMenno, Tax xaK flHIl BHAa 
KBasHMeaiiAPa <t>opMnpyeTca He TOJibxo na 
BbrxoAe BBeAenHoro flH, ho h na BbixoAe 
nocjieAHero flM. 



10 (I) o p m y ji a H3o6peTeHHH 



YcTpoftcTBo AJifl npeo6pa30Ba«HH qac- 
totm c/ieAOBaHHH HMny/ibCOB, coAepaca- 
mee reHepaTop HMnyjibCOB, M AenHTeneA 
MacTOTW, M-1 BeHTuneA 3anpeTa, BbixoA 
xa:icAoro i-ro hs kotopmx cocahhch c 
bxoaom cooTBeTCTBywmero i-ro AeJiHTe- 
ah nacTOTbi, npHMeM bmxoa i-ro AeJiHTe- 
nn MaCTOTbi (i - 2,3...,M) coeflHHeH c 
ynpaBJiHwmHM bxoaom (i-l)-ro bchthjih 
3anpeTa t oTJiMMaiomeeca 
TeM t mto y c ue/ibio noBbiiueHHH HaAe*- 
hocth ycTpofiCTBa nyTeM yMeHbueHHH ■ 
o6*beMa oSopyAOBaHHH, b iiero BBeAeHbi 
AonoxiH HTenbHbie Be HTiuib sanpeTa h ag~ 
AHTeAb WaCTOTbJ, npHMeM bxoa AonoAHH- 
TenbHcro bchthjih sanpeTa coeAHHen c 
BbtxoAOM renepaTopa HMnyjibcoB t ynpaBJiH- 
WIUHH BXOA " C BblXOAOM ncpBoro AeJiH— 
Te/iH MacTOTbi,' BbixoA KOToporo noAK/iio- 
Men k BXOAaM (M-l)-ro bchtjuih sanpe- 
Ta h HBJineTCH BbixoAOM y CTpoHCTB a , npn- 
MeM j\nn npeo6pa30BaHHH hcxoahoA wac- 
totw cneAOBaHHH b P/Q pa3 (rAe P - 
npocToe , aQ=2^,^ =2,3,...) ko- 
3(txJ)HUneHT AeneHriH AonojiiuiTejibHoro Ae- 
jiHTeJiH MacTOTbi f Ji 0 [P/Q], rAe [xj - ue- 
jian MacTb X, a K03<M>MuneHTbi AejieHHH 
c nepBoro ao M-ro nejiHTejiefi wacTOT 
onpeAeJiHWTCH no (fcopMyjiaM 

n, - 2 , rAe r, = F - ra 0 Q; 
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2 rae r, = Q - m ( r, ; 

2 l m , rne r„= Q - "...r.,, 



nexaT b npe^enax y* A Q ^ 1 . 



rm„ " Q " m »r M = 0. 
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